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Mesorhizobium denitrificans sp. nov., a novel denitrifying bacterium 
isolated from sludge§

A Gram-stain-negative, non-spore-forming, facultative, rod- 
shaped bacterium (designated LA-28T) was isolated from a 
sludge sample from a wastewater treatment plant in Hanam 
city, Republic of Korea. On the basis of 16S rRNA gene se-
quencing, strain LA-28T clustered with species of the genus 
Mesorhizobium and appeared closely related to M. jarvisii 
LMG 28313T (96.8%), M. waimense ICMP 19557T (96.7%), 
and M. huakuii LMG 14107T (96.7%). Growth occurs at 18– 
40°C on R2A medium in the presence of 1–4% NaCl (w/v) 
and at pH 6–8. The DNA G+C content was 61.2 mol%, and 
the predominant quinone was ubiquinone-10 (Q-10). The 
major cellular fatty acids (> 5%) were C16:0, C19:0 ω8c cyclo, 
C18:1 ω7c 11-methyl, and C18:1 ω7c and/or C18:1 ω6c (summed 
feature 8). Major polar lipids were phosphatidylglycerol (PG), 
phosphatidylethanolamine (PE), phosphatidyl-N-methyle-
thanolamine (PME), and phosphatidylcholine (PC). Physio-
logical and biochemical characteristics indicated that strain 
LA-28T represents a novel species of the genus Mesorhizo-
bium, for which the name Mesorhizobium denitrificans sp. 
nov. is proposed. The type strain is LA-28T (= KACC 19675T 
= LMG 30806T).

Keywords: Mesorhizobium denitrificans, 16S rRNA gene se-
quence, polyphasic taxomony, sludge

Introduction

In a study of the microbial community and denitrifying bac-
teria in the sludge from a wastewater treatment plant in Ha-
nam city (37°32 44.4 N, 127°13 05.4 E), Republic of Korea, 
a novel bacterium (strain LA-28T) was isolated. The 16S rRNA 
and phylogenetic analysis assigned the strain LA-28T to the 
phylum Proteobacteria, class Alphaproteobacteria, order Rhi-
zobiales, family Phyllobacteriaceae, and genus Mesorhizobium. 
The genus Mesorhizobium was first proposed by Jarvis et al. 
(1997), who suggested moving the five Rhizobium species to 
Mesorhizobium gen. nov. At the time of this writing, the ge-
nus contains more than 49 species (http://www.bacterio.net), 
including Mesorhizobium calcicola and Mesorhizobium ko-
whaii (De Meyer et al., 2016), Mesorhizobium japonicum (Mar-
tinez-Hidalgo et al., 2016), Mesorhizobium sediminum (Yuan 
et al., 2016), and Mesorhizobium hankyongi (Siddiqi et al., 
2018).

Materials and Methods

Bacterial strains isolation
To screen for denitrifying bacterial strains living in sludge 
from a wastewater treatment plant in Hanam city, sludge 
samples were collected from different places in the waste-
water treatment plant and transferred to a laboratory for 
isolation of denitrifying bacterial strains. The samples were 
carefully suspended in 0.85% saline and spread on R2A agar 
medium (Difco) plates. Then, the plates were incubated at 
30°C for 2 weeks. After 2 weeks, the strains were purified by 
subculturing on new R2A agar plates. Strain LA-28T was rou-
tinely cultured on fresh R2A agar and maintained in a gly-
cerol suspension (R2A broth with 20%, v/v), at -80°C.
  In this current report, we describe a novel bacterial strain, 
designated LA-28T, which appears to be a member of the ge-
nus Mesorhizobium. Reference strains (M. jarvis LMG 28313T 
and M. huakuii LMG 14107T) were obtained from Belgian 
Coordinated Collections of Microorganisms (BCCM/LMG 
Bacteria Collection) for use in a comparative analysis.

Physiological and biochemical analysis
The Gram-stain type was determined using the described 
method of Buck in 1982 (Buck, 1982). Strain morphology was 
examined by transmission electron microscope (Hitachi SU- 
3500), after cells grown for 2 days at 30°C on R2A agar me-
dium. Motility was checked by hanging drop method. Tests 
for degradation of casein, Tween 80, Tween 20, starch, and 
DNA were evaluated after 3 days of incubation at 30°C (Atlas, 
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Fig. 1. Transmission electron micrograph of strain LA-28T. Bar, 5 μm.

1993). Catalase and oxidase activities were determined as 
previously described (Cappuccino and Sherman, 2002). Bio-
chemical tests were carried out using commercial API (API 
ID 32GN, API 20NE, and API ZYM) kits according to the 
manufacturer (bioMérieux) instructions. The API ZYM test 
strip was read after 4 h of incubation at 37°C, and the other 
API strips were examined after 2 days at 30°C. Growth at 
various temperatures (4–45°C at interval 5°C) and various 
pH values (pH 3.5–10.0 at intervals of 0.5 and 1.0 pH units) 
was assessed after 7 days of incubation at 30°C using R2A 
broth medium. The following buffers (each 20 mM final con-
centration) were used to adjust the pH of R2A broth: ace-
tate buffer for pH 3.5–5.5, phosphate buffer for pH 6.0–8.0 
and Tris buffer for pH 8.5–10.0. Salinity tolerance test was 
performed on R2A agar medium supplemented with 0–10% 
(w/v at intervals of 1% unit) NaCl after 7 days of incuba-
tion at 30°C. Growth on different media [nutrient agar (NA, 
Difco), R2A agar (Difco), Luria-Bertani (Difco), DNAse agar 
(Difco), MacConkey, and TSA agar (Difco)] was evaluated 
after 5 days of incubation at 30°C. Nitrate reduction ability 
was analyzed by inoculating the strain in R2A broth sup-
plemented with two different concentrations of KNO3 (100 
ppm and 1,000 ppm) and incubated at 30°C in aerobic and 
anaerobic conditions. For 4 days at 12-h intervals, samples 
were withdrawn, cell growth was measured by spectropho-
tometer, and nitrate reduction was analyzed using a HS-NO3 
(N)-CA kit.

Phylogenetic analysis
Genomic DNA of strain LA-28T was isolated using a genomic 
DNA extraction kit (Solgent Co. Ltd.) and the 16S rRNA 
gene was amplified using the universal bacterial primer set 
(800R, 1492R, 27F, and 518F) (Lane, 1991). Then, the puri-
fied PCR products were sequenced by Solgent Co. Ltd. Almost 
full-length sequence of the 16S rRNA gene was compiled and 
the 16S rRNA gene sequences of related taxa were obtained 
from the EzTaxon-e server and GenBank database. Multiple 
sequence alignments were performed by Clustal_X program 
with gaps edited in BioEdit program (Thompson et al., 1997; 
Hall, 1999). Evolutionary distances were calculated through 
Kimura two-parameter model and the phylogenic trees were 
constructed with neighbor-joining (Kimura, 1983; Saitou and 
Nei, 1987), maximum-likelihood and maximum-parsimony 
(Fitch, 1971) algorithms by using MEGA 6 Program (Tamura 
et al., 2013) with 1,000 replications (Felsenstein, 1985).

DNA G+C content (mol%)
For the measurement of DNA G+C content, genomic DNA 
of the novel strain was extracted and purified as described 
by Moore and Dowhan (1995) and was enzymatically de-
graded into nucleosides, and was determined as described 
before (Mesbah et al., 1989) using a reverse-phase HPLC.

Chemotaxonomic analysis
Isoprenoid quinones were extracted with chloroform/me-
thanol (2:1, v/v), evaporated under vacuum conditions, and 
reextracted in n-hexane/water (1:1, v/v). The crude n-hex-
ane-quinone solution was purified using Sep-Pak Vac car-
tridges silica (Waters) and subsequently analyzed by HPLC 

as previously described (Hiraishi et al., 1996). Cellular fatty 
acids profiles were determined for strains grown on R2A agar 
for 48 h. The cellular fatty acids were saponified, methylated, 
and extracted according to the protocol of the Sherlock Mic-
robial Identification System (MIDI). The fatty acid methyl 
esters were then analysed by gas chromatography (model 
6890; Hewlett Packard) using the Microbial Identification 
software package (Sasser, 1990). Strain LA-28T was examined 
for their polar lipid contents as described previously (Min-
nikin et al., 1984).

Draft genome sequence analysis
A draft genome sequence of the novel isolate (LA-28T) was 
obtained by Illumina HiSeq X Ten analysis and assembled 
using the SOAPdenovo v. 3.10.1 de novo assembler. Using 
the NCBI prokaryotic genome annotation pipeline (PGAP), 
the draft genome was annotated.

Nucleotide sequence accession numbers
The draft genome and 16S rRNA gene sequences of strain 
LA-28T has been deposited at GenBank/EMBL/DDBJ under 
accession numbers QURN00000000 and MH209624, res-
pectively.

Digital protologue number
The digital protologue number of strain LA-28T is TA00717.

Results and Discussion

Morphological and phenotypic characteristics
Colonies of strain LA-28T grown on R2A agar plates for 2 days 
at 30°C were convex, milky colored. Cells were non-motile 
and rod-shaped (0.5–1.0 μm in diameter and 1.5–2.6 μm in 
length) (Fig. 1). Negative for hydrolyses of starch, casein, 
Tween 80, Tween 20, and DNA. Strain LA-28T was able to 
grow at 18–40°C, but not grow bellow 18 and above 40°C. 
The novel isolate was positive for the reduction of nitrate 
to nitrite. Furthermore, the physiological and biochemical 



240 Siddiqi et al.

Table 1. Physiological and biochemical characteristics between strain LA-28T and closely related species of the genus Mesorhizobium
1, LA-28T; 2, M. jarvisii LMG 28313T; 3, M. huakuii LMG 14107T. All tests were obtained in this study.
All strains are positive for urease, esculin hydrolysis, alkaline phosphatase, esterase, esterase lipase, leucine arylamidase, acid phosphatase, α-glucosidase, 
D-mannitol, D-glucose, salicin, D-melibiose, L-fucose, D-sorbitol, L-arabinose, L-histidine, 3-Hydroxy-butyrate, L-rhamnose, N-acetyl-D-glucosamine, 
D-ribose, inositol, D-sucrose, D-maltose, acetate, lactate, L-alanine. Negative for nitrate reduction, indole production, lipase, α-chymotrypsin, 
α-galactosidase, β-galactosidase, β-glucuronidase, β-glucosidase, α-mannosidase, α-fucosidase, glucose acidification, gelatin hydrolysis, gluconate, caprate, 
adipate, citrate, phenyl-acetate, 4-hydroxy-benzoate, itaconate, malonate, 5-ketogluconate, 3-hydroxy-benzoate, and L-serine. +, positive; -, negative.

Characteristics 1 2 3
Temperature range for growth (°C) 18–40 10–38a ND
pH range for growth 6.0–8.0 5.0–8.0a 5–9.5b

NaCl tolerance (% NaCl, w/v) range for growth 0.5–4.0 0.5–2.0a 0.5–1.0b

Enzymes activities for:      
Arginine dihydrolase + - -
Cystine arylamidase - + +
β-Galactosidase (PNPG) - + -
Naphtol-AS-BI-phosphohydrolase + - -
Trypsin + - -
Valine arylamidase - + -

Utilization of:      
Glycogen + - -
D-Glucose + + -
2-Ketogluconate + + -
Malate - + +
Propionate - + -
L-Proline + - +
Suberate + - -
Valerate + - -

DNA G+C content (mol%) 61.2 62.7a 59-64b

a, b data taken from: a Martinez-Hidalgo et al. (2016), b Chen et al. (1991), and Velázquez et al. (2001).

Fig. 2. Phylogenetic tree showing the rela-
tionships of strain LA-28T with other related 
species of the genus Mesorhizobium. The 
tree was made using the maximum-like-
lihood method. Dots circles at the nodes 
indicate that generic branches were also 
recovered by using neighbor-joining and 
maximum-parsimony algorithms. Bootstrap
values expressed as percentages of 1,000 
replications) greater than 60% are shown 
at the branch points. Bar, 0.005 substitutions
per nucleotide position.
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Table 2. Fatty acid profiles of strain LA-28T and related species of the genus 
Mesorhizobium
1, LA-28T; 2, M. jarvisii LMG 28313T; 3, M. huakuii LMG 14107T.
All strains were cultured on R2A agar medium for 48 h at 30°C. Fatty 
acids amounting to < 0.5% of the total fatty acids in all strains are not 
listed. tr, trace amounting (tr > 0.5%); –, not detected. 

Fatty acids 1 2 3
Saturated

C16:0 10.0 7.0 9.3
C17:0 2.5 1.6 1.4
C18:0 4.1 4.3 6.1
C20:0 - 1.0 0.9

Branched-chain fatty acid
iso-C15:0 3.8 - -
iso-C17:0 - 5.1 5.9
C19:0 ω8c cyclo 8.9 13.1 19.7

Unsaturated
C17:1 ω8c - 1.2 0.9
C18:1 ω7c 11-methyl 9.2 15.9 10.7

Summed feature*
8; C18:1 ω7c and/or C18:1 ω6c 60.9 50.5 44.4

*Summed features represent groups of two or three fatty acids that could not be 
separated by gas chromatography (GLC) with the MIDI system.

Fig. 3. Two-dimensional TLC of the total polar lipids of strain LA-28T. 
TLC plates were stained for total polar lipids with 5% ethanolic molybdo-
phosphoric acid. Abbreviations: PG, phosphatidylglycerol; PE, phospha-
tidylethanolamine; PME, phosphatidyl-N-methylethanolamine; PC, phos-
phatidylcholine; L, unidentified polar lipid.

characteristics of strain LA-28T are summarized in the des-
cription and Table 1.

Phylogenetic and DNA G+C content analysis
An almost complete 16S rRNA gene sequence of strain LA- 
28T was assembled using SeqMan software (DNASTAR), 
and the sequence was compared with the 16S rRNA gene 
sequences of several other bacterial taxa, which were ob-
tained from the EzBioCloud server [http://www.ezbiocloud. 
net/eztaxon] and GenBank database. The novel isolate was 
found to belong to the genus Mesorhizobium and show high-
est sequence similarity to M. jarvisii LMG 28313T (96.8%) 
and M. alhagi LMG 28228T (96.7%). Based on the neighbor- 
joining, maximum-likelihood, and maximum-parsimony 
algorithms, strain LA-28T clustered with sequences from bac-
teria in the genus Mesorhizobium (Fig. 2) and formed a clade 
with M. jarvisii LMG 28313T (Supplementary data Fig. S1). 
The DNA G+C Content of strain LA-28T was 62.1 mol%.

Chemotaxonomic characteristics
The major quinone detected in strain LA-28T was ubiquin-
one-10 (Q-10), which is same to other species in genus 
Mesorhizobium. The major cellular fatty acids of strain LA- 
28T were mainly composed of C16:0 (10.0%), C18:1 ω7c 11- 
methyl (9.2%), and summed feature 8 [comprising C18:1 
ω7c/C18:1 ω6c (60.9%)], which is similar to those of described 
species in the genus Mesorhizobium (Table 2). The major 
polar lipids were phosphatidylglycerol (PG), phosphatidy-
lethanolamine (PE), phosphatidyl-N-methylethanolamine 
(PME), and phosphatidylcholine (PC). The minor lipid was 
one unidentified phospholipid (PL) (Fig. 3). From the polar 
lipid analysis, the novel isolate was found to share major po-
lar lipids PG, PE, PME, and PC with described species in 
the genus Mesorhizobium (Yuan et al., 2016; Siddiqi et al., 
2018).

Taxonomic conclusions
Based on our taxonomic and morphological analyses, strain 
LA-28T shares major ubiquinone Q-10, C16:0, C18:1 ω7c 11- 
methyl, and summed feature 8 as major fatty acids (CFAs) 
and phosphatidylglycerol (PG), phosphatidylethanolamine 
(PE), phosphatidyl-N-methylethanolamine (PME), and phos-
phatidylcholine (PC) as major polar lipids with described 
species in the genus Mesorhizobium. However, on the basis of 
its phylogenetic distance from known Mesorhizobium spe-
cies, high amounts of summed feature 8 and low amounts 
of cyclo-C19:0 ω8c, and a combination of unique phenotypic 
characteristics (as shown in Table 1), strain LA-28T repre-
sents a novel species in the genus Mesorhizobium. The name 
Mesorhizobium denitrificans sp. nov. is proposed for this 
new species.

Description of Mesorhizobium denitrificans sp. nov.
Mesorhizobium denitrificans (de.ni.tri fi.cans. N.L. v. denitri-
fico to denitrify; N.L. part. adj. denitrificans denitrifying).
  Cells are facultative anaerobic, oxidase negative, and cata-
lase positive. Colonies grown on R2A agar are opaque, cir-
cular, and milky coloured. Growth occurs at 18–40°C in 
the presence of 1–4% NaCl (w/v) and at pH 6–8. Optimum 
growth occurs at 30°C and pH 6.5–7.0 in the absence of NaCl. 
In both aerobic and anaerobic condition it reduce nitrate to 
nitrite. Negative for the hydrolysis of casein, DNase, starch, 
Tween 80, and Tween 20. The strain grow well on R2A agar 
medium, whereas weakly grow on TSA, NA, and LB agar me-
dia, but did not grow on DNAse agar and MacConkey agar. 
In commercial API (ZYM, 20NE, and 32GN) kits positive 
for arginine dihydrolase, urease, esculin hydrolysis, alkaline 
phosphatase, esterase, esterase lipase, leucine arylamidase, 
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trypsin, acid phosphatase, naphthol-AS-BI-phosphohydro-
lase, α-glucosidase, β-glucosidase, D-glucose, L-arabinose, 
D-mannose, D-mannitol, D-maltose, L-fucose, D-sorbitol, 
L-arabinose, valerate, L-histidine, 2-ketogluconate, 3-hy-
droxy-butyrate, L-proline, L-rhamnose, N-acetyl-D-glucos-
amine, D-ribose, inositol, D-sucrose, suberate, acetate, L-lac-
tate, alanine, and glycogen. Negative for indole production, 
glucose acidification, gelatin hydrolysis, α-galactosidase, β- 
galactosidase, β-glucuronidase, lipase, valine arylamidase, 
cystine arylamidase, α-chymotrypsin, gluconate, caprate, adi-
pate, malate, citrate, phenyl-acetate, salicin, D-melibiose, pro-
pionate, caprate, 4-hydroxy-benzoate, itaconate, malonate, 
5-ketogluconate, 3-hydroxy-benzoate, L-serine, α-mannosi-
dase, and α-fucosidase. The predominant quinone is Q-10. 
The major cellular fatty acids are C16:0, C19:0 cyclo ω8c, and 
summed feature 8. The polar lipids are PG, PE, PME, and 
PC, and one unidentified phospholipid PL. The DNA G+C 
content of genomic DNA is 61.2 mol%.
  The type strain, LA-28T (= KACC 19675T = LMG 30806T) 
was isolated from the sludge of wastewater treatment plant 
Hanam city, South Korea.
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